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Introduction
The recognition of the wide range of ecological and economic benefits that natural wetland ecosystems provide to humans (Turner 1991) has prompted increasing interest in the construction of human-made wetland ecosystems, which simulate the functions of natural wetlands in order to support human use (Hammer and Bastian 1989) . Wetland ecosystems are generally constructed with the aim of replicating wetland processes such as water storage, flood retention, and water quality improvement for human benefit (Kadlec and Knight 1996) .
They may also be created with the broader aim of mimicking the foregone ecological functions of lost natural wetland ecosystems and compensating the destruction of natural habitats, such as mitigation wetlands constructed under the "no net loss of wetlands" policy in the USA (White House Office on Envtl. Policy 1993).
Purposefully planned, designed and operated human-made wetlands may provide a range of services well beyond the primary aim for their construction. Ancillary benefits of wastewater treatment wetlands may include, for instance, provision of habitat and wildlife diversity, support of recreational activities such as walking, bird-and wildlife watching, water storage during periods of shortage and excess, and aesthetic value in urban environments (Benyamine et al. 2004; Knight 1997; Knight et al. 2001) . Comparative studies investigating the ecological functions of both natural and constructed wetlands suggest that they fulfill similar ecological functions, even though constructed wetlands tend to resemble degraded natural wetlands rather than undisturbed reference ecosystems (Campbell et al. 2002; Brooks et al. 2005; Confer and Niering 1992; Balcombe et al. 2005) .
In this study, we use the technique of meta-analysis to investigate the provision of services of wetland ecosystems from an economic perspective and with a focus on the valuation of human-made wetlands. Meta-analysis has been extensively used in environmental economics as a tool to synthesize the findings of primary valuation studies by means of a rigorous statistical analysis (Bal and Nijkamp 2001) . Best-practice guidelines for meta-analysis were developed (Stanley 2005; Nelson and Kennedy 2008) in order to deal with potential issues related to the heterogeneity of the environmental resources and economic instruments considered (Smith and Pattanayak 2002) , selection bias (Hoehn 2006) , heteroscedasticity, and correlation between observations .
The potential of meta-analysis in identifying the sources of variation in empirical value estimates (Johnston et al. 2003; Scheierling et al. 2006 ) and as a tool for value transfer (Bergstrom and Taylor 2006; is generally acknowledged.
Three previous meta-analyses of wetland values (Brander et al. 2006; Brouwer et al. 1999; Woodward and Wui 2001) provided a solid conceptual and empirical basis for the present investigation.
The objectives of this study are twofold. First, we aim at improving the general understanding of both natural and constructed wetland values by conducting a meta-analysis that extends previous models with explanatory variables, such as the presence of substitute sites and the anthropogenic pressure exercised on the wetlands, which are chosen in order to get a better and more economically oriented explanation of observed differences in wetland valuations. The meta-analysis relies on a comprehensive dataset of 418 value observations derived from 170 valuation studies and 186 wetland sites worldwide. Second, we explore the variation in the valuation of constructed wetlands by means of a meta-regression model that accounts for the interactions between wetland types and ecosystem services. We test formally whether constructed wetlands provide the same level of values for flood protection, water quality improvement, and water storage and supply, i.e., the three main objectives for wetland construction (Hypothesis 1). We also assess whether ancillary benefits, such as support of recreational activities and biological diversity enhancement, provide a substantial contribution to the total economic value of constructed wetlands (Hypothesis 2).
The organization of the remainder of this paper is as follows. In Section 2 the characteristics of the dataset used are described by means of descriptive statistics (Section 2.1), an overview is given of the economic valuation studies of constructed wetlands (Section 2.2), and the meta-regression models are formulated (Section 2.3). Section 3 presents the results of a meta-regression estimation. Section 4 interprets the results. Section 5 concludes.
Data and conceptual framework

The dataset of wetland valuation studies
To support the analysis we constructed a dataset of wetland valuations consisting of 418 value observations from 170 valuation studies and 186 wetland sites. Figure 1 To identify candidate studies, we rely on a more stringent definition of wetlands than given by the Ramsar Convention, according to which any area of "marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not exceed six meters" is to be considered a wetland site. This definition potentially encompasses permanently inundated ecosystems such as all areas of coral reefs, sea-grass beds, most rivers and shallow lakes (Scott and Jones 1995) . Such ecosystem types were excluded from this analysis, since they are not generally considered as wetlands and are not relevant for the analysis of constructed wetlands values.
The dataset developed by (Brander et al. 2006 ) provided the starting point for the analysis. The original dataset -consisting of 215 value observations from 80 studies -was substantially enlarged with new observations from recently published studies. Studies were retrieved through searching online valuation databases, libraries, and contacting authors. The wide range of market-based and non-market valuation studies considered is described in Section 2.3.1. Only primary valuation studies were included in the dataset, i.e., value transfer studies were not considered. In order to limit the risk of publication bias, the investigation also explored "grey literature", including 86 reports for both public and private institutions, consultancy studies, and unpublished research results. Efforts to retrieve studies not published in the English language led to the inclusion of 16 more studies.
The literature on values of human-made wetlands
The number of studies assessing the economic values of constructed or human-made wetlands is rather limited. Table 1 provides an overview of the available studies, some basic characteristics of the valued sites and the estimated values standardized to Purchasing Power Parity (PPP) adjusted units. Several studies have assessed the benefits of wastewater treatment wetlands, either in terms of their water quality improvement service or ancillary benefits. The value of abating nitrogen load from agricultural sources and upgrading secondary municipal effluent for water recycling were assessed for Swedish wetlands draining into the Baltic Sea (Byström 2000) and for the Empuriabrava constructed wetlands in Catalonia, Spain, respectively (Seguí 2004) . The value estimated with the travel cost method in Empuriabrava (78,321 USD/ha/annum) is substantially higher than the replacement costs for the Swedish sites (4080 USD/ha/annum).
The value of upgrading and reusing the eutrophic effluent of an ornamental fishpond in Hangzhou, China, by means of a 600 m 2 constructed wetland was estimated using the contingent valuation method (CVM) and the replacement cost method and ranged between 294,729 USD/ha/annum and 8,013,754 USD/ha/annum (Yang et al. 2008) . The welfare impacts of other wastewater treatment wetlands services such as wildlife habitat enhancement and provision of passive values were assessed for constructed wetlands in the State of Georgia, USA (MacDonald et al. 1998), Oxelösund, Sweden (Cravener 1995) , and Hangzhou, China (Yang et al. 2008) . The estimates obtained with CVM ranged between 9,352 USD/ha/annum in Georgia and 151,830 USD/ha/annum in Hangzhou.
The value of constructed wetlands providing artificial impoundments for water storage was elicited in several studies in Europe and Asia. Estimates were highest for drinking and irrigation water supply, ranging between 4,031 USD/ha/annum in the Bhoj wetlands in India (Verma 2001 ) and 13,269 USD/ha/annum in Sri Lanka (Vidanage et al. 2004) . Passive values and the value of supporting various types of recreational activities were elicited by means of CVM. The value of supporting recreational activities ranged between 687 USD/ha/annum in Lac du Der, France (Scherrer 2003) and 2,048 USD/ha/annum in India (Verma 2001) , while passive value estimates for Lake Kerkini in Greece were as high as 9,144 USD/ha/annum (Oglethorpe and Miliadou 2000) .
Human-made wetlands created to provide flood protection and areas for flood storage in river floodplains were investigated in various locations in Europe. The value of flood protection along the Nar and Ancholme rivers in the UK was estimated to be 8,201 USD/ha/annum and 8,331 USD/ha/annum (Posford Duvivier Environment 1999 Environment , 2000 . Other services provided by this type of wetland ecosystem include nutrient removal and biodiversity enhancement. The value of such services was estimated in 114-2,066 USD/ha/annum for nutrient removal and 1942 USD/ha/annum for biodiversity enhancement at various locations along the Elbe river in Germany (Meyerhoff and Dehnhardt 2004) .
Another group of valuation studies concerns wetlands that are restored at the location of previously drained natural wetlands or that are not entirely artificial in origin but include constructed sections. Two studies eliciting the recreational value of a restored wetland in Israel (Baron et al. 1997 ) and the benefits of provisioning services in a restored floodplain wetland in Cameroon (Loth 2004 ) reported values of 163 USD/ha/annum and in the range 2-101 USD/ha/annum, respectively. Valuations of various services provided by wetlands that include human-made sections were conducted in various European countries and in New Zealand. For these sites, the conservation and enhancement of natural habitats was the most highly valued ecosystem service with monetary estimates ranging between 197 USD/ha/annum in Whangamarino, New Zealand (Kirkland 1988) , and 27,678 USD/ha/annum in Cheimaditida and Zazari, Greece (Birol et al. 2006) . Cultural services supporting various types of recreational activities were also highly valued (ranging from 295 USD/ha/annum in De Wieden, the Netherlands (Hein et al. 2006) , and 3903 USD/ha/annum in the Cley marshes, UK (Klein and Bateman 1998) .
The presented overview of the literature allows for the formulation of the hypotheses on the values of constructed wetlands that will be tested in Section 3. First, the highest values are reported for the provision of the specific services for which the wetlands are constructed, e.g.
wastewater treatment wetlands provide high values for water quality improvement. Second, a large number of valuation studies focus on cultural services such as support of recreational activities, and enhancement of natural habitat and biodiversity, suggesting that they might be important components of the total economic value of such ecosystems. Accordingly, in Section 3 we will investigate whether (i) water quality improvement, water supply, and flood protection are the most highly valued services of constructed wetlands and whether (ii) cultural services are highly valued as well in such ecosystems.
Specification of the meta-regression model and explanatory variables
The base meta-analytical regression model is specified as follows:
where the dependent variable (ln(y)) is the natural logarithm of the wetland value expressed in 2003 US$ per hectare per year. The subscript i is an index for the 418 observations, a is a constant term, b S , b W and b C are vectors containing the coefficients of the explanatory variables, and u is an error term that is assumed to be normally distributed and with a mean value of zero.
To allow for a comparison between wetland values that have been calculated in different years and expressed in different currencies and metrics -e.g. WTP per household per year, capitalized values, and marginal value per acre -values were standardized to a common metric and currency (Brander et al. 2006) . Values referring to different years were deflated using appropriate factors from the World Bank Millennium Development Indicators (World Bank Group 2006), while differences in purchase power among the countries were accounted for by the PPP index provided by the Penn World Table (Heston et al. 2006) . Table 2 provides an overview of the explanatory variables. They consist of three categories, namely characteristics of (i) the primary study X S , (ii) the valued wetland X W and (iii) the socioeconomic and geographical context X C .
The study characteristics accounted for in the model include the valuation method used, the year of publication and a dummy distinguishing between marginal and average values. The array of valuation methods used in the primary studies to assess wetland values include market-based methods, revealed preference methods, and stated preference methods. Natural log of hectares in 50 km radius 9.47 (3.31) 418
Note: The number of observations for the variables valuation method, wetland type, and service provided do not add up to 418. This is due to the fact that individual observations may pertain to two or more levels. Aside from the base meta-regression model (Equation 1), we estimate an extended model that includes a series of cross-effect variables that capture the relationship between the level of provision of a specific wetland service and the type of wetland that provides it. In addition to the study and context characteristics discussed for the basic meta-regression model, the extended model includes 66 dummy variables (11 wetland services multiplied by 6 wetland types). The use of cross-products in meta-analysis is a simple and attractive way to statistically test for possible interactions between explanatory variables (Nunes et al. 2009 ).
Econometric results
The results obtained with the basic meta-regression model described in equation (1) Note: OLS results; SE = standard error; Coeff. = coefficient; significance is indicated with *** , ** and * for 1, 5 and 10% statistical significance levels respectively; a Takes into account the different weights given to the 416 observations.
In the meta-regression models A and B we implicitly assume the 416 observations to be independent. Although dependency issues between observations derived from the same study are unlikely to play a key role in this study since the average and maximum number of observations per study -2.4 and 12, respectively -are small compared to the size of the sample, a multi-level regression of an earlier version of the dataset indicated the presence of significant authorship effects (Ghermandi et al. 2008) . To investigate the potential influence of correlation between observations on the regression results we conducted two additional regressions using some of the means suggested in the literature to account for dependency across observations (Nelson and Kennedy 2008) . First, we conducted a regression weighting observations, in which each study in the dataset receives equal weight, instead of each observation as in ordinary OLS (model C). Second, we performed a regression in which only one observation per study is selected (model D). Only the first observation in the dataset for each study was selected. The regression results in Table 3 show that in both regressions the sign of the coefficients is unchanged with respect to the ordinary OLS regression, with exception of the sign of 'recreational fishing' in model D. The significance of several variables is affected. Since, however, the significance of the coefficients that are most relevant for the purpose of this study remains unchanged, we conclude that correlation between observations does not have a substantial influence on the results of this study. radius, which become, respectively, significant at the 10% and 5% level in the regression without the most influential observations. The coefficient of palustrine wetlands becomes insignificant. Multicollinearity between the variables is not an issue of concern (max VIF = 2.24) and visual inspection of the plots of standardized residuals against explanatory variables did not show substantial deviation from linear behavior. For what concerns model specification, both the link test for model specification (p-level = 0.571) and the regression specification error test for omitted variables (Prob > F = 0.908) do not suggest specification errors. Finally, since the main focus of the study is on constructed wetlands, we repeated the regression with model B excluding valuations of the constructed wetland in Hangzhou, China (Yang et al. 2008) , which are outliers in the estimated values (see Table 1 ). The significance of all coefficients is unchanged with exception of the coefficients of palustrine wetlands and area of wetlands in 50 km radius, which become respectively insignificant and significant at 5% level. Table 4 presents the results for the extended meta-regression model with cross-effects.
The focus is on the cross-effect variables since the signs and significance of the coefficient estimates for study and context variables remain unchanged as compared to the base metaregression model B. 2.261 ** Note: OLS results; Coeff. = coefficient; --= no observation available; R 2 = 0.55; Adj. R 2 = 0.46; significance is indicated with *** , ** and * for 1, 5 and 10% statistical significance levels respectively.
The Shapiro-Wilk test (p-level = 0.049) indicates a certain deviation in the distribution of the residuals from the normal distribution. Since, however, the analysis of interquartile range does not identify any severe outlier in the sample, such deviation is considered of minor importance for the interpretation of the results. Further testing does not provide indications of heteroscedasticity, multicollinearity or model misspecification. Excluding the observations from (Yang et al. 2008) causes the coefficient on the cross-effect variable linking constructed wetlands and water quality improvement to become statistically insignificant.
Interpretation of the results
The present study provides an original contribution in terms of identification of the main determinants of the values of natural and constructed wetland ecosystems both in absolute and relative terms, using meta-analysis. Compared to previous meta-analyses of wetland values, we have substantially extended the number of primary studies on which the meta-analysis builds and have introduced a number of important additional explanatory variables, which we found to be statistically significant in variation in the valuation of wetlands.
Some of the results of previous studies are confirmed by this meta-analysis. The coefficient on water quality improvement indicates high values for this service (Brouwer et al. 1999; Woodward and Wui 2001) , while provision of fuel wood and recreational hunting are less valued (Brander et al. 2006; Woodward and Wui 2001) . In addition, in this study we found that non-consumptive recreational activities and the provision of natural habitat and biodiversity are highly valued. The coefficients of the variables 'wetland size ' and 'marginal' indicate decreasing returns to scale and that marginal values are higher than average values (Brander et al. 2006) . Also, values are sensitive to income effects and increase with the population living in the surrounding of a wetland (Brander et al. 2006) . Although the explanatory powers of different meta-analyses are strictly speaking not directly comparable since they are based on different samples and underlying variation in the endogenous variable, for the sake of rough comparison it can be noted that the explanatory power of this metaregression is higher than in (Brouwer et al. 1999 ) (R 2 = 0.38) and slightly lower than in (R 2 = 0.58 for meta-regression model C) and (Brander et al. 2006 ) (R 2 = 0.55; Adj. R 2 = 0.45).
The principal original contributions of this study are in the analysis of substitution effects, value variation with anthropogenic pressure, and valuation of constructed wetlands.
The assessed negative relationship between the proximity of other wetlands and the value of the wetland indicates the presence of substitution effects for at least some of the wetland services. The abundance of wetland ecosystems in a certain region reflects the uniqueness of a wetland environment and may influence people's perceptions and preferences due to the presence of other sites that can act as a substitute for some of the services provided. Among wetland types, constructed wetlands have the highest values followed by marine wetlands. A possible explanation for the high value of constructed wetlands is that artificial ecosystems are usually constructed with the specific purpose of providing services for human use and benefits. The analysis of the results of the extended model allows us to identify that flood control, storm buffering, and water quality improvement are highly valued in constructed wetland ecosystems. The first hypothesis formulated in Section 1 which states that constructed and natural wetlands provide the same level of values for such services (Hypothesis 1) is thus rejected. In our analysis, constructed wetlands are substitutes respectively of marine and estuarine wetlands in terms of the provision of flood control and water quality improvement services. Remarkably, the coefficient of provision of natural habitat and biodiversity in constructed wetlands is positive and highly statistically significant.
Although the coefficient of recreational activities in constructed wetlands is not significant (though positive), this supports the hypothesis that the ancillary cultural benefits of constructed wetlands are substantial components of their total economic value (Hypothesis 2).
This valuation result signals the potential value of these ancillary ecosystem services and thus the importance of taking them into account in the design and evaluation of alternative policy scenarios and cost benefit exercise.
Conclusions
This study provides the most comprehensive review of wetland valuation studies that has been completed to date, with the aim to provide more insight about the comparative values of natural and constructed wetland ecosystems. The dataset includes 418 observations from 186 wetland sites worldwide, which were derived from 170 primary valuation studies.
A meta-regression was performed to identify and estimate the relative importance of the determinants of wetland values. Marine and constructed wetlands are more highly valued than other wetland types. Water quality improvement, non-consumptive recreation and provision of natural habitat and biodiversity provide high benefits, while recreational hunting and fuel wood provision are less valued ecosystem services. Values show decreasing returns to scale and are sensitive to income effects and to the total population living in the surroundings of a wetland.
This study provides a substantially new contribution in relation to previous meta-analyses of the wetland valuation literature in terms of number of observations, geographical coverage, wetland class and integrity, and the measurement of scarcity effects. This meta-analysis is the first to account for the possible impact of substitution effects, which are found to significantly affect wetland values. The analysis of the index of pressure from human activities that was developed for this study led to the conclusion that wetland values increase with human pressures and uses. We suggest that this may be linked to an improved level of provision of specific services and the intensity of use of wetlands. Questions about the sustainability of the uses and values reported in the valuation studies for wetlands with high environmental pressure could not however be answered in the frame of this meta-analysis.
For the first time, constructed wetlands are included in a meta-analysis of wetland values.
Confirming our expectations, constructed wetlands are highly valued for flood control, storm buffering, and water quality improvement. Remarkably, they are also highly valued for provision of natural habitat and biodiversity, which are not primary goals in the creation of such ecosystems. We conclude that the evaluation of constructed wetlands should not be limited to their direct benefits, but account for the fact that the (re-)construction of wetlands and their habitat may have a significant role in terms of local biodiversity enhancement. This suggests a high potential for landscape and waterscape architecture projects to bring substantial welfare gains to communities with limited access to natural ecosystems such as those in urbanized areas.
